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The development and progression of cancer^"^ and 
the experimental reversal of tumorigenicity^-^ are 
accompanied by complex changes In patterns of 
gene expression. Microarrays of cDNA provide a 
powerful tool for studying these complex phenom- 
ena^®. The tumorigenic properties of a human 
melanoma cell line, UACC-903. can be suppressed 
by introduction of a norma! human chromosome 6. 
resulting in a reduction of growth rate, restoration 
of contact inhibition, and suppression of both soft 
agar clonogenicity and tumorigenicity in nude 
mice^-^ ®. We used a high density microarray of 
1,161 DNA elements to search for differences in 
gene expression associated with tumour suppres- 
sion in this system. Fluorescent probes for 
hybridization were derived from two sources of cel- 
lular mRNA [UACC-903 and UACC-903(+6)] which 
were labelled with different fluors to provide a direct 
and internally controlled comparison of the mRNA 
levels corresponding to each an-ayed gene. The flu- 
orescence signals representing hybridization to 
each arrayed gene were analysed to determine the 
relative abundance in the two samples of mRNAs 
corresponding to each gene. Previously unrecog- 
nized alterations in the expression of specific genes 
provide leads for further investigation of the genet- 
ic basis of the tumorigenic phenotype of these cells. 

PNA micr<uirr;iys, coiuainini: IJfij total clcmenls» 
iiuludini; K7() dilVcrcni cHNAsanti OJiurols***" (sec 
Methods), were printed r()bi)iiL*ally unto a j:lass micro- 
scope slide in four qiiadr;ints onerini; an area of about 
I cm- (Fig. I ). We prepared fluorescent cDNA probes 
using total poly (A)* mRNA from UACC-9()3 cells and 
UACC-903(+6) cells by labelling with a green and red 
fluor, rcspccrively. A mixture of the \wo nouresccntly 
labelled probes was hybridized to the DNA microarray. 
This comparative hybridization method, coupled with 
the doping of synthetic standards and an estimation of 
statistically significant deviation for local background 
variance allowed a direct and quantitative comparison 
of the relative abundance of individual HNA sequences 
in this complex s;miple'*"*'. We added a set of synthetic 
poly ( A)*-tailed *mRNAs' to the purified mRNA from 
each cell line as internal standards to assist in quantita- 
tion and estimation of experimental variation intro- 
duced during labelling and reading. Targets 
complementary to these standards were included, in 
duplicate, on the microarray. Based w these standards, 
mRNA species cinnprising l:l(),()0() of the mass of the 
poly (A)* RNA could readily be detected. 

In a representative two-colour fluorescent scan of all 



spend to genes preferentially expressed in the tumori- 
genic UACC-903 cell line, and the reddish spots corre- 
spond to genes preferentially expressed in the 
non-iumorigenic UACC-903(+6) cell line. Genes 
expressed at approximately equal levels in the two cell 
lines appear yellow or brown. A portion of the array at 
higher magnification highlights the diverse pattern of 
differential expression observed (Fig. 2b). In Fig. 2c rec- 
tangles corresponding to specific array elements are 
coloured to reproduce the hue and intensity of the fluo- 
rescent signal at each element. The hybridization signals 
from a duplicated set of genes are shown juxtaposed, to 
illustrate the reproducibility of the hybridization signals 
for each gene. 

To address the possibility that an apparent difference 
in expression might result from experimental variables 
unrelated to the difterence in chromosomal composi- 
tion between the two cell lines, we examined the vari- 
ance in expression for 90 'housekeeping* genes. WV 
selected these genes based on the assumption that they 
would not be differentially expressed between the two 
cell lines. The averaged red/green ratio for this subset of 
genes was 1.13. The averaged red/green ratio for the set 
of five internal standards was 0.97 (/i = 10). The vari- 
ability in the expression level of the housekeeping genes 
probably overestinutes the experimental variability in 
measuring differential expression. As a conservative stan- 
dard, an absolute fluorescent signal (red or green) with 
an intensity greater than that observed at the control 
array elements containing total human genomic DNA 
was considered to represent specific hybridiz;uion. Gene- 
specific hybridization was therefore only considered sig- 
nificantly different between s;imples if the following two 
criteria were met: i) the signal intensity (grtvn or red) 
exceeded this threshold; and ii) the logarithm of the 
red/green fluorescence signal ratio differed by >3 S.D. 
from the mean logarithm of this ratio tor the *house- 
keeping gene panel (that is. ratios <0.52 or >2.4). 

By these criteria. mRNA levels for 1 5/K70 ( 1 .7%) genes 
were significantly diminished, while the mRNA levels 
lor 63AS7() (7.3'K») genes were significantly increased in 
associatit>n with suppression of tumorigenicity by intro- 
duction of chromos<)me 6. To test the reliability of 
microarray hybridization results in identifying differen- 
tially expressed genes, we analy.sed 16 genes by north- 
ern analysis. In each case, the results of northern analysis 
c(»rroborated the differential gene expression identified 
by microarray hybridization (Fig. 3). 

Significant differences in expression between these 
two cell lines identified several genes as candidates for 
determining features of the tumorigenic phenotype of 
the melanoma cells. For example, among the genes 
detected with signitkaniiy higher expression (>10-fold) 
in the tumorigenic cells was the human brown locus pro- 
tein (TRIM /melanoma antigen gp75). This is the most 
abundant glycoprotein in mclanocytic cells and a critical 
melano.some membrane pr lein'- * \ Additionally, its 
expre.ssion is reduced when melanoma cell lines are 
induced to differentiate by treatment with HMBA*^*'\ 
Also expressed at a significantly higher le\'el was a spliced 
variant nfthe mRNA encoding myelin IM. IV 0X120. This 
is widely expressed in neural crest derived cells in early 
development and has been suggested to play a r le in 
cell-cell signaling during development***. 
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Rg. 1 Properites of cONA microarrays. a. A ftuorescent scan of DMA printed onto a poty-tysme coated sbde. The DNA is stained with a DNA*specific ftuorescent 
dye, YOYO. The centcr-to-center spacing of adjacent spots is 450 m- altowing the potential for up to 10.000 5pots/2.S4 X 7.62 cm microscope slide. 6. Effi- 
cient blocking of hybridization to DNA repeats. Hybridization of fluorescein- labelled poly (dT)' to arrays in the absence of competitor produces strong 
hytyidizatton to immobilized poty <dA)' as well as to some cDNAs. such as the EST T64827 shown. Rhooamtne-labelted cDNA (red) from the UACC-903 ceO 
line hybndized tn the presence of poly (dA)* blocker shows Wtle if any signal at either site (Total H = total human). Simiiarty. hybndtzation with fiuorescem-labeUed 
Coti DNA in the absence of competitor produces bright signal on immobilized Coti DNA, total human DNA and at some cDNA elements (presumed to con- 
tain highly repeated sequences, such as R23416): while Rhooamine- labelled cDNA (red) from the tJACC-903 cell line produces itttie it any signal at these 
locations when hybridized m the presence of excess untabelled poly (dA)*. and human Cotl DNA. The absence of signal at some cDNA locations following 
UACC-903 cDNA hybndizat ions also indicates trial the PCR-amplilied. plasmid vector sequences at all cDNA targets oo not contribute significant hybndaa- 
tion signal, c. Schematic of the array organisation. Robotic printing from 96 well microtiter trays was cameo out with 4 print heads, spaced to fit into 4 adja- 
cent mtcrotiter wells. This maps the contents of each tray into lour separate quadrants on the glass slide. A colour-coded map of the general distribution of 
target types m each of the resulting quadrants is shown. 



cIs were dcv;itai by the addition of ;i norm;iI chromo- 
smnc 6(17 j;cncs) arc known lo be activaied by IFN-y. a 
c;irdinnl prointlammaiory cytokine ibat, anionj; otber 
activities, induces expression of the j:ene prodiici.^ of' the 
MHC class II locus. For example. I be niRNA encodini; 
monocyte chenn)tactic protein I (MCAF/MCF1),a 
cytokine that induces monocyte chemoiaxis and activa- 
tion was more tban M)-fold less abundant in ibc 
lumorigenic cell line. In the .skin, MPCI is critical in the 
rejiulaiion ot" cutaneous monocyte traffickini;""'*, and 
elevated expression plays a role in suppression of tumour 
jirowih and metastasis The tnecbaiiism by which 
these interferon-yrej'ulaied j;enes are induced in UACC- 
903 cells by transfer of a normal chromosome 6 remains 
to be determined. It is worth nolini;, however, that the 
interferon-7 receptor gene is localized to the distal long 
arm of human chromosome 6. 

Finally, several jjcnes that showed > 10- fold higher 
expression in the suppressed UACC-903(+6} cells have 
previously been recognized in other models of tumour 
suppression. Most n lably, there was elevated e.xpres- 
sion of the mRNA encoding WAFI (p21 ), a key media- 
tor of tumour suppression by p53 (ref. 18). The p21 
pr tein had previously been identified as a melanoma 
difTereniiaiion-associated antigen (termed mda-6)'^"° 
in melanoma cell lines suppressed f r metastasis by the 
introduction of chromosome 6, expressi n of WAFI 
(p21) mRNA and protein correlates inversely with 
metastatic potential-". 



These results provide a wide view of the diverse sys- 
tem.^ that are altered in this model systetii of tumori- 
geniciiy, and focus attention on specific gene products 
and pathways that may be of particular importance in 
this tumour type. 

Our ability to classify human cancers in a way that 
reilccis the underlying molecular pathology or that 
anticipates their potential for progression or response 
lo treatment, remains primitive. Using cDNA microar- 
rays to define alterations in gene expression associated 
with a specific cancer may be an efficient way to uncov- 
er clues to the specific molecular derangements that con- 
tribute to its pathogenesis and thus identify potential 
targets for therapeutic intervention. Moreover, recogni- 
tion of pathognomonic alterations in gene expression 
■ might provide a basis for improved diagnosis and mol- 
ecular classification of cancers and thus allow selection of 
the most appropriate therapeutic strategies. 

Public databa.ics of human expressed gene sequences 
contain partial sequences of at least 40,000 different 
human genes'*, and efforts to develop a human tran- 
script map have developed rapidly-'. Based on the high 
yield of informal ion obtained using an array of < 1 ,000 
different genes, a more comprehensive survey of gene 
expression patterns, using a more complete array of 
human genes, will likely provide a rich source of new 
and useful insights into human biology and a deeper 
understanding of the gene pathways involved in the 
pathogenesis of cancer and other diseases. 
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Fig. 2 DNA m.croarray anatysis oi changes .n gene expression between the tumorigenic celt i,ne. UACC-903. and its non-tumorigenic denvative UACC903(*O 

derived by introduction Of a no rrnal chromosome 6. a. A ratio .mage of the results of simultaneous hybridization of Rhooa^e^O^H^^^ 

from UACC.903 and Cy3.iabelted cDNA (orange-red) from UACC.903(*6) to a microarray. To oroduce this image the scan Tm^e! corr«^ 

orescent probe were combined as the appropriate colour channels .n a single image Arrows .ndicate the .ocat'o^^^^^^^ 

genes analysed by northern blotting (Fig. 3). t. A magnified .mage of the area of the array boxed m white .n (a), c, Maon f t^Tr^ao7of°L^ 

hed by arrows in (a), representing ,he cDNAs for: left. MCAF^MCP-I (r/g ratio >10); centre, f^acm (r/g ratio 1.04,; and^igh^ r^Tnfc^^^ 

0.2) isee F.g. 3). d. simplified representation of rat« hybrKJization results. Ouant.iative fluorescence intensity data .s extracts from eaS^ la^ 

age target colour ratio determines the hue of each box and the average intensity determines the bnghtness of each box. in ihT.maoe the^di?Sf ^ 

corresponds to the.r ong.nai order in the microliter plate from which they were printed. Duplicate printings of the same piaie caT^ examTrS^side bv s^ 

as in the first two rows Shown here, to assess reproducibility of the hybndization results (see text). Numbe^a arrows indicate meToMt, on St^^^^^^^ 

responding to genes analysed by northern blotting in Fig. 3. . . locauon wiinm ine array cor- 



Methods 

Generation of microarrays, liyhridirniuHt. scanninj;. Ilu* 
prqMr.iiion ol nuieil miirti.s^n|K' sh^ks jiul Mib>enufiil nth,ii - 
k priniiiv^ttl DNA w.in c.irrial ntii m ,\ m.iniui siniil.ii m rh.K 
ile.HTilvil . liricllv. pn'-^lcanal y^hsy, sliilo wen* wiih 
|>*»lv-!..|vMno Miliiiitiii (Sii;m.u ii> form an atllu'siw sut laa* Inr 
l>rinitnj:. VCM iviuliuis. pmirial hy ethani>l purilicaiiiMi. weiv 
rcMispeiulal in 3.\ SSC. A i:u.Ntoiii buili arravinj: mhm picLal 
up ami ilL*p<>>iU'i) Mnall voIiimicn (*5 naMoliior>) of DNA nnio 
the sliite.v Alier priming, the sliiics uvre washeif in a i).2"^u .SD.S 
.voltiiiiin. *riu' renuinin^ luniiul DNA \va> cli*naiiiral In .miIv 
nu-rjiini: the >liiicN in 9? ilisiilloil uaier toi 2 niin tnllowcti In 
a luiel wash with V5*Sm eihaiml. DNA wjn V\' cii»>Nlinkeil in tin* 
sliilcH (Siratai:eno Siraialinkcr. Wl ml), lo prevent nnn-Npeeiliv 
probe liHulinj:. ihe sliileN were hlockeil In rinMn- in a miUmioii 
<>l 70 niKl Muciniw anhytiriJe iif»nKvi! in 0.1 M hciric atlti pH 
K.n. cnniainini: 3.V«, I -meihvlO-pyrrttliiiinime (AUfrich). 
Ailiiiit*)nal pniiiMils ami parts li>i periaininv; to inien>arra\ 
tahricatinn can l>e n|>iaint%l from htip:/yemi:nt..stanfiiril.eilii/ 
pjinuvn. 

Hiiritieil. laln-lleil cDNA wa.s re.sii.spciKieii in 1 1 pi ol .V5x SSCi 
. eiiniainini: 4 Ill-poly (ilA-)~l)NAr::5-Mj:^^^^^^ 
luinun Col I DNA (l ;il>eo UK I.), aiul UJ pi olltri,. SI )N. I'rioV lo 
hyl»riilt/a(ion. lIu- vitiiiion uas hoilal lor : inin (lien allmuil ii> 
coiil lo iiiniii iciiijvraiurc. Ilyluiili/.iiiiiii was carrieJ oiii ai 
f>: \: lor - N h in a water lutli. IVior to Mannini:, Nliili-> iveie 
uMslu-il in > s<( :. n.:"„ SI )S r.ir 5 m\n .,.ul tj.?v S^( ! lor I luin. 

= ^^-^ ^-.....L.....; 

User iniao>oope Iniili In S. Snnih iviih >.>liwaiv u'nuai 



In N. /i\. A >epaiaie M.an. umiii; liu- appropriate cxcitaiioi; line, 
wax littiie lot vaeli ol ilu- llii,irnp||ore> useil. Data was col- 
lev let! .11 a luavinuini iv>oIiiii,m o| y micion.s/pi.\cI with 12 hits 
ol tiepih 

I'robe preparaeinii ami labellinj:. KNA was exiiaeieil iVoni cells 
iisinj: Ihe Tria/ol reacent (l.l l Ine. I. followinj; the mainit'jrtur- 
ei N liireeiionv cDNA pioins were synihesi/eii Irom singly oU^o 
J l-seleeieJ (IMiarmacial inKNA pooIn. HiiorcM:oittly laMled 
cDNA was preparcil troni niKNA In- nlij;o il l -primetl |H)tymer- 
i/ation usinv: SiiperSeripi II leverse Iranxripiase (ITI Inc). 
*i he poiil of niivleoiules in the labeliinj: reaeiitm was 0.5 mM 
litVri'. tl.VI I' ami iKTP ;nui (),: mM i\'n \\ Fluorescent 
iiULleoiiiie.s. UhoJainine lid JUTP (IVrkin rimer Ceius) or 
C)} itn iM Aniershami. were pre.seni at D.I mM. Prolnrs were 
piiririeJ hv uel chromaioiiraphy (HioSpin 6/liioUjtl) and 
elhanol precipitation. 

Selection of cDNA elements and generation of control lem- 
plalcs. Synilietic cDNAs were prepared hy climing random 
/ii*ii/H I aiul Hi/kIIII ended Iracment.s ol ivii D NA in ihc vcc^ 
lor pSI*(">j piily (AI* (Mnmievra J. linearizing iMiiaicd plasmid 
DNA with KtoUl and syniheM/iiig poly (A)* tailed UNA com- 
plenuntary lo the iiiseri liom the ivsideni Sl*6 promoter 
( I'lomv-ua 1. Prior m um*. iIk >x nihesi/eil KNA> were Si'livted on 
olii;«» d r eelliilo.sc. Ihe larjiesi j:riuip ofiDNAN coiiMSlvd of 674 
eD\A eloiu-N lioni the IMH arrawi! norm.ih/ed inl'jni brain 

l...(.i;. li.v.sc ^1..:... .^^.v^uJ i.» i;... -.ciy NIB 

lil>rar\ memher thai worie.sp«iiuleii to a named gene aceording 






Tig. 3 Nonnern nybnotzation tuDsianiiat- 
ing the consistency of the cDNA mtcroar- 
ray results. Corresponding locatiorts within 
the cDNA microarray illustrated m Fig. 2a 
are provided for 1) mi-1/p21: 2) MARCKS: 
3) coilagenase: 4) MCAF/MCP-V. 5) n-K 
anttchymotrypsin; and 6) p -acnn. The sig- 
nal detected by a radio-labelled ^acun 
probe represents a control for toadtng vari- 
ance, with a red/green ratio observed on 
the cDNA microan-ay (Fig. 2a.c) tor /^acf/n 
of 1.04. 

10 the I'niGcnc EST clustering sys- 
tem"'"*. The second largest gnnip nf 
clones ionsisicil ol IH3 sciiiicnccd cPNA 
clones j»i'iKT;iiei1 by Mibir;iciion ofcDNA 
from the chronioMimc*6 supprcvscJ 
non-itimorti:cnic UACC*V()3 (+6) cell 
line with cDNA from ii.s parental titmori- 
yenic cell line UACX:-y{)3 (reL 9). 
Approxin)ately 1(10 ;ulifiiii>njl j;encs 
dotal K70 j:enes arrayetl) were ohiaineil 
from KSr lihrarit'N nn the lia.sis of their 
n- 1 'Antichymotrypsin expresvion pan em ( i issue specific, ami so 
on). 1-^ich array inclutteJ the loUowing 
hyluiili/ation coiiiroK: plasmiit veci*»r, 
lamhila.OX 17-1 phaue. loul human DNA, 
human C.oil DNA. aiuf i-kjIv (A)\ The 
synthetic stamlanls ii.H'il lor normaliAi- 
lion ol' signals in each wavelength were 
al.Mi arrayeii. (ioniroK were incluileil in 
each iptailrani ol the array to assess ihe repnuliicihiiity of the 
hvhriili/alion stjrnal. Two plaii*s ol cHNA cloiu*s (lierived Irom 
the UAt!(!-*>tl3 suhtractetl library) were jImi arrayeii in ilupli- 
cate. riileliiy ol' the Uniitene array relaiive lo ilblXI' was lesieil 
by si'i|uencini: o\ a ranJum N;iinple ol II cloiu> iiscil lor 
nticrtnirray const ruciii>n. All si'i]ueiHes were iileniical wiib the 
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corroi^tiulmj: ilh|_ST eniiiL*s. AtlJiiutiialb. ej*;h mMu.ui.uc^! 
cDNA from the I'ACCl-VO.X subtracted library wa^ Hi)iu iKed. \ 
listing of cPNAs comprismg this microarray *\hkh w^i^ 
derived Irom the Unigi*nc and 'li«iu.seLeeping' panel i.an Iv 
obtained from http://ww\v.nih.gov/l)IU/LCr./AKKA^ expn * 
html. 

Northern blot analysis. Total KNA. Id 1^*^ lane, ua^ elec- 
irophoresed in U%ag.iro.se-lormaldehvdc gels and transferred 
tmio nylon membrane lH\-i>ond-N'', .Amcrsham) by capillary 
blotting overnight. For DNA pniiv.^ insert fragments tiimi the 
Snares INIIi cDNA library'" were obtained by vector I'CR for 
p2l, MAKC!KS. (z-l-amichymoirypsin and P-actin. Probes lt»r 
fibroblast coilagenase and NtC'AK/MC'.H- 1 were isolated from a 
UACC-y()3l+h) enriched cDNA library** wuh all probeN 
labelled by random priming, fillers were washed ii» a siiio- 
genc>' of 0,1 X SSC at A2 \' lor 20 min. 

Websites. http://cmgm.sianlordAdu/pbr»mn ftir pmUKols and 
pans list pertaining tit microarray t'abrication. 
hitp://wwwjKbgr.nih,gov/DIR/l.(:c"./AUKAY/expn.himl lor a 
listing of cDNAs comprising this microarray whiih were 
derived from the Unigene and 'hmisekeeping' panel. 
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